BACKGROUND: Despite the rapid adoption of immunotherapies in advanced non-small cell lung cancer (advNSCLC), knowledge gaps remain about their real-world (rw) performance. METHODS: This retrospective, observational, multicenter analysis used the Flatiron Health deidentified electronic health record-derived database of rw patients with advNSCLC who received treatment with PD-1 and/or PD-L1 (PD-[L]1) inhibitors before July 1, 2017 (N = 5257) and had ≥6 months of follow-up. The authors investigated PD-(L)1 line of treatment and PD-L1 testing rates and the relationship between overall survival (OS) and rw intermediate endpoints: progression-free survival (rwPFS), rw time to progression (rwTTP), rw time to next treatment (rwTTNT), and rw time to discontinuation (rwTTD). RESULTS: First-line PD-(L)1 inhibitor use increased from 0% (in the third quarter of 2014 [Q3 2014]) to 42% (Q2 2017) over the study period. PD-L1 testing also increased (from 3% in Q3 2015 to 70% in Q2 2017). The estimated median OS was 9.3 months (95% CI, 8.9-9.8 months), and the estimated rwPFS was 3.2 months (95% CI, 3.1-3.3 months). Longer OS and rwPFS were associated with ≥50% PD-L1 percentage staining results. Correlations (⍴) between OS and intermediate endpoints were ⍴ = 0.75 (95% CI, 0.73-0.76) for rwPFS and ⍴ = 0.60 (95% CI, 0.57-0.63) for rwTTP, and, for treatment-based intermediate endpoints, correlations were ⍴ = 0.60 (95% CI, 0.56-0.64) for rwTTNT (N = 856) and ⍴ = 0.81 (95% CI, 0.80-0.82) for rwTTD. CONCLUSIONS: The use of first-line PD-(L)1 inhibitors and PD-L1 testing has substantially increased, with better outcomes for patients who have ≥50% PD-L1 percentage staining. Intermediate rw tumor-dynamics estimates were moderately correlated with OS in patients with advNSCLC who received immunotherapy, highlighting the need for optimizing and standardizing rw endpoints to enhance the understanding of patient outcomes outside clinical trials. Cancer 2019;125:4019-4032.
INTRODUCTION
Over the past 3 years, immunotherapy has changed the treatment paradigm of advanced non-small cell lung cancer (advNSCLC). The pivotal clinical trials that enabled regulatory approvals of these agents used overall survival (OS) and intermediate endpoints such as progression-free survival (PFS) to measure benefit and have focused on highly controlled protocols applied to narrowly defined populations. Studies conducted in patient cohorts from real-world community settings can complement clinical trials by expanding generalizability to under-represented populations and to the complexities and diversity of day-to-day cancer care. These studies leverage real-world data (RWD) captured in electronic health records (EHRs) as both structured (eg, laboratory values) and unstructured (eg, radiology reports) information. 1, 2 Analyzing those sources to create real-world evidence, however, necessitates specific approaches for abstracting endpoints (ie, real-world PFS [rwPFS]), accounting for differences between clinical trials and real-world practice and documentation patterns. For example, descriptions of progression on imaging reports may bypass Response Evaluation Criteria in Solid Tumors (RECIST) 3 language. Contemporary and robust real-world evidence is crucial for helping clinicians tailor new treatments, such as immunotherapy, to real-world patients with advNSCLC.
Cancer November 15, 2019 This study expands our prior investigation of real-world patients with advNSCLC who received treatment with nivolumab or pembrolizumab (both PD-1 inhibitors), 4 conducted during the early adoption period after the initial approval in advNSCLC (both as the second or higher therapy line; nivolumab for patients with squamous histology tumors, and pembrolizumab for patients with PD-L1-expressing tumors). [5] [6] [7] [8] Since that study, 1) 4 additional approvals in advNSCLC have been granted to 3 different anti-PD-(L)1 therapies; 2) the number of patients treated with PD-(L)1 inhibitors and the follow-up period have substantially increased; 3) scientific understanding of PD-L1 testing has matured; 4) management has changed, including the practice of treating beyond RECIST-defined progression based on the continued benefit observed in some cases after early "pseudoprogression" because of inflammatory response; and 5) recognition of the importance of progression and treatment-based intermediate endpoints for patients has grown. [8] [9] [10] [11] [12] Other drug approvals in the United States during this period, particularly for patients with EGFR mutations and ALK rearrangements, have also improved outcomes and treatment tolerability for patients with advNSCLC. 13 These shifts underscore both the challenge and the urgency for assessing immunotherapy using real-world endpoints.
In this study of a large contemporary cohort of patients with advNSCLC who received treatment with PD-(L)1 inhibitors at a time of rapid immunotherapy adoption, we evaluated real-world progression and treatment-based intermediate endpoints, strengthening prior analyses (and increasing generalizability) by adding almost 4000 patients (nearly a 4-fold increase) and doubling the observation time.
MATERIALS AND METHODS

Study Design
This retrospective, observational, multicenter analysis used EHR-derived data collected during routine care of real-world patients with advNSCLC who received PD-(L)1 inhibitors with a 3-fold objective: 1) describe realworld PD-(L)1 inhibitor treatment and testing patterns as well as patient characteristics; 2) evaluate OS and real-world progression-free survival (rwPFS) overall and by characteristics that may be associated with outcomes; and 3) understand the relationship between OS and other real-world intermediate endpoints, including realworld progression and treatment-based outcomes. The study period was January 1, 2011 through December 31, 2017. Institutional Review Board approval was obtained.
Informed consent was waived by the Institutional Review Board because this was a retrospective, noninterventional study using routinely collected data.
Data Sources
For this study, we used data from the Flatiron Health longitudinal EHR-derived database, which represented over 265 US cancer clinics, including more than 2 million patients with cancer overall and 120,000 patients who had a structured International Classification of Diseases code for lung cancer and a visit on or after January 1, 2011, at the time of data set generation. Data were gathered in a manner that was agnostic to the source EHR and were stored centrally by Flatiron Health in a secure manner, compliant with relevant privacy laws and regulations. To prepare EHR content for analysis, structured data were harmonized and normalized to a standard ontology, whereas unstructured data were extracted from EHR-based digital documents through technology-enabled chart abstraction. 2 Data provided to third parties were de-identified, and provisions were in place to prevent re-identification in order to protect patients' confidentiality.
Biomarker information was abstracted from unstructured EHR biomarker testing or pathology reports and, when those sources were not available, oncology clinic visit notes. Details were collected on relevant test type(s), date(s), and result(s). For example, the percentage of cells staining for PD-L1 (categorized for analyses as <1%, 1%-49% and ≥50% based on approved staining thresholds for PD-[L]1 therapy in NSCLC) 14, 15 was recorded when available, and PD-L1 status (positive or negative) was also collected if the report provided an interpretation of test results. All data were abstracted exactly as reported and were not derived from other test results.
Patient-level zip codes from the EHR-derived database were linked to the median income estimates available through the 2015 American Community Survey as a proxy for socioeconomic status and categorized by quartiles. Because data available through the American Community Survey provided income at the census tract level, these median estimates were aggregated and weighted based on the number of US households in the census tract area, resulting in national-level, household-adjusted median income quartiles.
Cohort Selection
Cohort eligibility criteria (see Supporting Fig. 1 ) included having >1 visit to a community oncology clinic documented in the EHR; confirmation of advNSCLC or early-stage NSCLC with a recurrence or progression (see Supporting  Table 1 ) during the study period through a review of unstructured data (ie, clinical notes, radiology reports, or pathology reports); and initiation of a treatment regimen containing nivolumab, pembrolizumab, or atezolizumab in the advanced setting before July 1, 2017. Patients who had incomplete historical treatment data (ie, >90-day gap between advanced diagnosis and structured activity in the EHR) or multiple primary tumors were excluded. All patients were followed until December 31, 2017, providing the opportunity for ≥6 months of follow-up.
Outcome Measures
Primary study outcome measurements were OS and rwPFS. Correlation of real-world outcomes (rwPFS, realworld time to progression [rwTTP], real-world time to next treatment [rwTTNT], and real-world time to treatment discontinuation [rwTTD]) with OS was also evaluated.
Dates of death were based on a composite mortality variable comprised of structured and unstructured EHR data linked to commercial mortality data and the Social Security Administration's Death Master File; a sample cohort of patients with advNSCLC from a previous analysis yielded a median survival similar to that calculated using the National Death Index as a gold standard. 16 Dates of real-world progression (rwP) events were retrospectively captured from the EHR from clinician notes documenting progression of advNSCLC; methods for curating rwP were previously described and evaluated with a validation framework. 2, 17 Therapy lines for advNSCLC were based on EHR documentation of systemic anticancer treatments and were generated by rule-based algorithms indexed to the patient's advNSCLC diagnosis date. These rules are objective (based on literature, clinical guidelines, and deep clinical experience) and were applied to treatments actually received, irrespective of order sets or care plans (see Supporting Methods). The treatment discontinuation date was the date the patient discontinued the earliest PD-(L)1 inhibitor-containing line regimen (ie, had a subsequent line of therapy, a date of death, or a gap >120 days between the last noncancelled order, administration, or oral drug episode within the PD-[L]1 inhibitor-containing line regimen and last EHR activity).
Statistical Analyses
Descriptive analyses were conducted for patient and disease characteristics stratified by subgroups of interest. Unless otherwise indicated, baseline values such as organ dysfunction are indexed to the date of the earliest PD-(L)1 inhibitor initiation. Continuous variables were compared across subgroups using analyses of variance or Kruskal-Wallis tests when evaluating medians. Categorical variables were compared using the chi-square test or the Fisher exact test when the expected frequency was <5. Cumulative frequencies were used to assess the uptake of PD-(L)1 inhibitor use, PD-L1 testing, and PD-L1 test results (reported status or percentage of cells staining) over time.
OS and rwPFS were compared across predefined demographic and clinical characteristics using the Kaplan-Meier method and the log-rank test. Median survival estimates and unadjusted hazard ratios from Cox proportional hazards models with 95% CIs were reported. All analyses were indexed to the date of the earliest PD-(L)1 inhibitor initiation (first administration or noncancelled order) within the earliest PD-(L)1 inhibitor-containing line of therapy given in the advanced setting (see Supporting Table 1 ). OS was defined as the time from PD-(L)1 initiation to death, and patients were censored at their last known EHR activity. rwPFS was defined as the time from PD-(L)1 initiation to the first rwP date >14 days after PD-(L)1 inhibitor initiation or to death. rwTTP was defined as the time from PD-(L)1 inhibitor initiation to the first rwP date >14 days after PD-(L)1 inhibitor initiation. Censoring was based on the last clinic note available for rwP assessment.
Real-world treatment-based endpoints were defined as: rwTTNT, the time from PD-(L)1 inhibitor initiation to the start of the line of therapy immediately after the earliest PD-(L)1 inhibitor-containing line; and rwTTD, the time from PD-(L)1 inhibitor initiation to the date the patient discontinued the PD-(L)1 inhibitor-containing line regimen as previously defined.
Correlation of real-world outcomes (rwPFS, rwTTP, rwTTNT, and rwTTD) with OS was assessed at the patient level by calculating the Spearman rank correlation coefficient (⍴) and 95% CIs. The 95% CI for the Spearman ⍴ was calculated using Fisher z-transformation on the Spearman ⍴. When calculating correlations, the coh ort was restricted to patients with the event(s) of interest: 1) date of death for rwPFS, 2) date of death and rwP for rwTTP, 3) date of death and a next line of therapy start for rwTTNT, and 4) date of death and discontinuation of the PD-(L)1 inhibitor-containing regimen for rwTTD. A 2-sided significance level of α = .05 was used for all tests of significance. Adjustments were not made for multiple comparisons. All statistical analyses were performed using R, version 3.3.1 (R Foundation for Statistical Computing).
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RESULTS
Treatment Patterns and Patient Characteristics
In this cohort (N = 5257), 82% of patients received nivolumab, 16% received pembrolizumab, and 2% received atezolizumab. Uptake of each therapy increased after respective approvals ( Fig. 1A) . Starting in the fourth quarter of 2015 (Q4 2015), PD-(L)1 inhibitor use in the third or later lines declined but increased in the first line (use in the second line increased only until Q4 2016) ( Fig. 1B ). Patient and disease characteristics for the overall cohort and over time are shown in Table 1 and Supporting  Table 2 . Over the study period, the proportion of patients aged ≥75 years at the time they initiated PD-(L)1 inhibitor treatment increased (28% in Q3 2015 [n = 432] vs 34% in Q2 2017 [n = 788]), as did the proportion of patients with stage IV disease at initial diagnosis (53% in Q3 2015 vs 68% in Q2 2017). The distribution of the type and number of lines of therapy received before the earliest PD-(L)1 inhibitor-containing regimen also changed by quarter.
Biomarker testing increased throughout the study period, particularly PD-L1 testing (from 3% in Q3 2015 to 70% in Q2 2017). Over time, the proportion of patients with PD-L1 test results reported in a binary fashion (ie, interpretation of results as positive or negative, often without reporting details on the actual staining percentages) decreased in favor of PD-L1 test results reported solely as a percentage of stained cells.
The proportion of patients tested for PD-L1 before initiation of their first PD-(L)1 inhibitor increased after the initial pembrolizumab approval for advNSCLC (secondline) in October 2015 and again after the approval of first-line pembrolizumab in October 2016. This trend held overall and for each PD-L1 percentage cell staining category, with the largest increase for patients who had ≥50% of cells stained for PD-L1 (see Supporting Figs.  2 and 3, Supporting Tables 3a and 3b ). Of the 1219 patients with a documented PD-L1 cell staining percentage (23%; n = 5257), 51% had ≥50% staining, and the proportion increased to 64% for those who received first-line PD-L1 inhibitor therapy (n = 632).
Overall and Real-World Progression-Free Survival
For the overall cohort, the estimated median OS was 9.3 months (95% CI, 8.9-9.8 months), and the estimated median rwPFS was 3.2 months (95% CI, 3.1-3.3 months) ( Fig. 2A ). Median OS estimates stratified based on patient and disease characteristics are shown in Table 2 . Of note, median OS ranged from 1.1 months (95% CI, 0.9-4.6 months) for patients with moderate hepatic failure at initiation of PD-(L)1 inhibitor therapy to 9.3 months (95% CI, 8.8-9.8 months) for patients with normal baseline hepatic function. For patients with and without an EGFR mutation, the median OS was 6.4 months (95% CI, 5.3-8.8 months) and 10.2 months (95% CI, 9.5-11.1 months), respectively. For patients with and without an ALK rearrangement, the median OS was 4.7 months (95% CI, 2.7 months to not reached) and 9.7 months (95% CI, 9.2-10.6 months), respectively. When a PD-(L)1 inhibitor was received in the firstline setting, the median OS was 10.8 months (95% CI, 9.6-11.7 months), compared with 8.9 months (95% CI, 7.2-10.8 months) when the first PD-(L)1 inhibitor was received in the fourth or later lines. In the subcohort of 1219 patients whose PD-L1 test report included a cell staining percentage (23%; n = 5257), median OS was 11.5, 8.8, and 8.0 months for those with ≥50%, from 1% to 49%, and <1% cell staining, respectively. In contrast, in the smaller (and not mutually exclusive) group Cancer November 15, 2019 of 862 patients whose report provided an interpretation of PD-L1 test results (16%; n = 5257), those with results classified as positive and negative had a median OS of 10.4 and 9 months, respectively. rwPFS differed by PD-L1 cell staining level (Fig. 2C ) and by stratification according to PD-(L)1 initiation date relative to pembrolizumab approval dates for advNSCLC (before/after) (see Supporting Fig. 4 and Supporting Tables 3a and 3b ); as well as by the interpretation of PD-L1 status documented in the report (Fig. 2B) .
Comparisons across other subgroups revealed rwPFS trends similar to those observed for OS, with the following exceptions: 1) histology and ALK rearrangement, in which differences between subgroups were observed for OS but not for rwPFS (although rwPFS differences approached statistical significance); and 2) median household income quartile and age at PD-(L)1 inhibitor initiation, in which differences between subgroups were observed for rwPFS but not for OS ( Table 2) .
Correlation Between Real-World Outcomes
Among the 3157 patients who died during the study period (60%; n = 5257), the correlation between rwPFS and OS was ⍴ = 0.75 (95% CI, 0.73-0.76). Of the 1655 patients with both an rwP and a death event, the correlation between rwTTP and OS was ⍴ = 0.60 (95% CI, 0.57-0.63). Correlations between OS and treatmentbased endpoints also varied. Among the 856 patients with both a death event and treatment subsequent to the index PD-(L)1 inhibitor-containing treatment regimen (16%), the correlation between OS and rwTTNT was ⍴ = 0.60 (95% CI, 0.56-0.64). The correlation between OS and rwTTD for patients with a death event (60%) was ⍴ = 0.81 (95% CI, 0.80-0.82).
DISCUSSION
This retrospective study analyzed outcomes in a large, longitudinal cohort of real-world patients with advN-SCLC who received treatment with PD-(L)1 inhibitors before July 1, 2017. This study expands our prior description 4 of early real-world use of PD-(L)1 inhibitors among patients with metastatic NSCLC and survival (cohort size nearly quadrupled, and observation time doubled), and it adds assessments of real-world intermediate endpoints (rwPFS, rwTTP, rwTTNT, and rwTTD).
Over the study period, overall PD-(L)1 inhibitor use increased and shifted toward earlier lines, concurrent with an increase in the proportion of patients tested for PD-L1 expression before PD-(L)1 inhibitor initiation. These trends demonstrate dramatic changes in real-world advNSCLC treatment and testing patterns after drug approvals and emerging evidence about the implications of PD-L1 expression levels.
Median OS and rwPFS were longer for firstline PD-(L)1 inhibitor treatment compared with later lines (and were similar across all subsequent lines). In our previous report, OS for patients with metastatic NSCLC who were treated with a PD-1 inhibitor appeared to be unaffected by therapy line. 4 Although differences in index dates prevent direct comparison, this shift likely reflects maturation in the clinical use and understanding of PD-(L)1 inhibitors. For example, patients treated with pembrolizumab were better represented in the current analysis than in the prior report. The original approval indication for pembrolizumab as front-line therapy was restricted to patients with high PD-L1 expression. Therefore, the differential toward greater benefit in first-line therapy may have been driven by the enrichment from patients who had PD-L1 staining >50%, relative to our prior report.
We consider the results of traditionally designed PD-(L)1 inhibitor clinical trials important reference points, although cohort differences prevent direct crossstudy comparisons (Table 3) . 5, [8] [9] [10] [11] 18 Typically, real-world patients fare worse than those in clinical trials; this may reflect the more heterogeneous characteristics and differences in protocol-specified trial procedures versus realworld treatment patterns. 7 As would be expected from a real-world cohort, some of the characteristics of our population were different from clinical trials in this setting: these patients had higher rates of organ dysfunction, older age, and were more racially diverse. Yet outcomes in this study were similar or only slightly worse than those in the clinical trials that evaluated these drugs as monotherapy and were similar across cohort age groups. The relative tolerability of PD-(L)1 inhibitor treatment and optimization of its management over time may have helped close the gap between real-world effectiveness and trial efficacy.
The estimated median rwPFS in this cohort was similar to that observed in all pivotal PD-(L)1 inhibitor trials, except for 1 trial that was restricted to patients without an EGFR mutation or ALK rearrangement. PFS concordance between real-world patients and traditional clinical trial cohorts has also been observed before. 19 rwPFS, an intermediate endpoint, may be linked more closely to treatment effect than to OS, because OS inherently captures the impact of all subsequent therapies administered to the patient after the PD-(L)1 inhibitorcontaining regimen. 
Continued
Cancer November 15, 2019 The stronger correlation between OS and rwTTD compared with OS and rwPFS differs from typical cytotoxic therapy findings. 20 This could reflect the practice of treatment beyond RECIST-defined progression, because OS and rwTTD capture the benefit of the additional immunotherapy exposure, but rwPFS does not; further research is ongoing. The lowest correlations with OS were observed for rwTTNT and rwTTP. In addition to the effect of treatment past RECIST-defined progression, the exclusion of death as an rwTTP event can weaken the relationship with OS in a short survival setting. For rwTTNT, its correlation with OS may reflect a durable survival benefit even for those who discontinue immunotherapy early because of immune-mediated toxicity or other nonprogression-related reason. 21 These intermediate endpoint findings could be helpful to clinicians and patients because they reflect real-world treatment patterns and outcomes; however, in this real-world cohort, as in clinical trials, their overall association with OS was low to moderate. [22] [23] [24] [25] [26] [27] [28] Similar to prior traditional clinical trials and retrospective research, 4 outcomes were worse for men, This side-by-side summary of results from the current study with available traditional clinical trial results is provided as a high-level benchmark. Direct comparisons are not possible because of differences in the populations studied. 5, [8] [9] [10] [11] 18 Cancer November 15, 2019 nonsmokers, and patients with EGFR mutations or ALK rearrangements. This subgroup consistency offers an additional external validation datapoint for clinical trial findings. Median OS and rwPFS for patients with renal dysfunction at baseline were similar, but those with moderate or severe hepatic failure at the initiation of PD-(L)1 inhibitor therapy had noticeably worse outcomes. Because monoclonal antibodies are not metabolized in the liver, this finding may reflect a larger hepatic tumor burden, which may be associated with more advanced disease and decreased survival. Analyses of large, contemporary RWD sources may be the earliest (and sometimes the only) mechanism with which to evaluate these subgroups, which often are excluded from traditional clinical trials. This longitudinal real-world cohort also revealed OS differences based on immunohistochemical PD-L1 staining reported as the percentage of stained cells, but not for binary positive/negative report interpretations (a smaller, nonmutually exclusive group). This observation may be a signal of how the clinical shift toward a more nuanced understanding of PD-L1 results and management of immunotherapy in general, such as treating past RECIST-based progression, may have a favorable impact on outcomes. As the output from the active research on the predictive value of PD-L1 expression, 5, 18, 29 and other potential improvements in the clinical use of immunotherapy, is assimilated across health care delivery systems, including providers, administrators, and/or payors, future studies will further explore the impact of these developments.
The similarity in OS between the PD-L1-positive and PD-L1-negative groups (based on reported interpretation) in this cohort contrasts with findings from the prior report in the first year after approval. 4 Several trends at work in the period between both analyses may have contributed to this finding. The shift toward firstline use over time may have ushered in a shift in the characteristics of patients treated with PD-(L)1 inhibitors. PD-L1 expression testing and reporting practices also evolved: 1) testing rates before the initiation of PD-(L)1 inhibitor treatment increased; 2) the proportion of PD-L1 reports with a binary positive/negative result interpretation started decreasing in Q4 2016, and the concomitant increase in reports without a binary result interpretation may have coincided with the progressive optimization of immunotherapy use; and 3) patients with PD-L1 negative reports were over-represented in the positive/negative interpretation group in later months of the study period (Table 1) . 30, 31 When interpreting PD-L1 test reports, clinicians need to be aware that not all reports (especially older ones) document percentage staining results and that underlying thresholds for PD-L1 positivity may have varied. This evolution in reporting and documentation practices (eg, positive/negative and/or percentage staining) highlights the importance of carefully defined RWD variables that are harmonized and normalized. Standardized data models, endpoint definitions, and analytic approaches are needed for reliable and clinically meaningful outcome comparisons over time and across data sets.
A limitation of this study is that EHRs, the data source, are optimized not for research but, rather, for clinical documentation, practice management, and billing. To create a research-quality data set, we applied strict rules to extract clinically relevant data and implemented quality-control procedures to maximize data integrity. Lines of therapy were defined using a rule-based algorithm. Therefore, accuracy depends on complete treatment documentation. For other variables, we also relied on EHR content, which often lacked Eastern Cooperative Oncology Group performance status data and may have had incomplete information about comorbidities and biomarker testing status; more generally, practical factors, such as clinic work-flow practices impacting documentation of reports into EHRs, patients exiting their care system, or unspecified loss to follow-up, all may contribute to a degree of incompleteness in our source data. These types of missing data may introduce bias; for example, patients who return to their home country may have missing date of death information that could lead to a minor overestimation of survival. Date of death was based on a high-sensitivity composite mortality data set that yields OS data close to that of the National Death Index; although it is the current US gold standard, the National Death Index has limited refresh frequency (annual) and has a 2-year reporting delay. 16 This study of a large, contemporary, real-world cohort patients with advNSCLC who received treatment with PD-(L)1 inhibitors identified clinically relevant findings that may aid decision making: 1) PD-(L)1 inhibitor treatment moved from later line into first-line over a short time period; 2) correlation between OS and rwTTD was stronger compared with OS and rwPFS; 2) liver dysfunction was associated with decreased OS, whereas renal dysfunction was not; and 3) OS and rwPFS were associated with PD-L1 percentage staining results, but only rwPFS was associated with positive/ negative status classification. Variations in real-world Cancer November 15, 2019 reporting of PD-L1 test results and interpretations should be considered in practice. As PD-L1 expression testing becomes increasingly granular and more novel outcome predictors emerge, EHR-derived RWD will be a key evidence source in this rapidly evolving field, possibly helping define the real-world prognostic and/or predictive value of PD-L1 test results. Studying the currently shifting immunotherapy landscape is only possible with a large, contemporary, and detailed longitudinal real-world data set. In addition, evaluation of a full set of intermediate endpoints (rwPFS, rwTTD, rwTTNT, rwTTP) and their relationships with OS as part of a standard portfolio of real-world endpoints will enable the most clinically meaningful assessment of real-world outcomes and facilitate decision-making.
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